Objectives People with disabilities are known to experience disparities in behavioral health risk factors including smoking and obesity. What is unknown is how disability, race/ethnicity, and socioeconomic status combine to affect prevalence of these health behaviors. We assessed the association between race/ethnicity, socioeconomic factors (income and education), and disability on two behavioral health risk factors. Methods Data from the 2007-2010 Behavioral Risk Factor Surveillance System were used to determine prevalence of cigarette smoking and obesity by disability status, further stratified by race and ethnicity as well as income and education. Logistic regression was used to determine associations of income and education with the two behavioral health risk factors, stratified by race and ethnicity. Results Prevalence of disability by race and ethnicity ranged from 10.1 % of Asian adults to 31.0 % of American Indian/ Alaska Native (AIAN) adults. Smoking prevalence increased with decreasing levels of income and education for most racial and ethnic groups, with over half of white (52.4 %) and AIAN adults (59.3 %) with less than a high school education reporting current smoking. Education was inversely associated with obesity among white, black, and Hispanic adults with a disability. Conclusion Smoking and obesity varied by race and ethnicity and socioeconomic factors (income and education) among people with disabilities. Our findings suggest that disparities experienced by adults with disabilities may be compounded by disparities associated with race, ethnicity, and socioeconomic factors. This knowledge may help programs in formulating health promotion strategies targeting people at increased risk for smoking and obesity, inclusive of those with disabilities.
Introduction
Health disparities are differences in health status, behavior, or outcomes experienced by certain groups within a population due to systematically experiencing greater obstacles to health [12] . Race/ethnicity and socioeconomic status (SES) are two indicators typically used in disparity studies in the USA [13, 34] ; additionally, there is a growing body of evidence documenting health disparities by disability status [3] [4] [5] 25] . According to the International Classification of Functioning, Disability and Health (ICF), disability is a limitation that takes into account medical diagnoses, activity limitations, and barriers to participation [24] . Disabilities can be sensory (e.g., a person who is deaf), cognitive (e.g., a person with an intellectual disability), or related to mobility (e.g., a person who uses a wheelchair) [24, 27, 40] . Depending on the definition used, there are between 36 and 57 million people with disabilities in the US civilian non-institutionalized population [8, 11] , with annual disability-associated health care expenditures in the USA estimated at nearly $400 billion (26.7 % of health care expenditures) in 2006 [2] .
Among the general population, racial and ethnic disparities have also been identified in a number of areas [7, 21, 47] . For example, American Indians and Alaska Natives have the highest prevalence of tobacco use, while non-Hispanic whites have the lowest [16] . Among American urban preschool children, there are greater odds of obesity for Hispanics compared to their white counterparts [47] , with similar disparities seen in the adult population [14] . Compounding these disparities, racial and ethnic minorities have been shown to experience limited access to health care which could further exacerbate health issues [46] . There are also racial and ethnic differences by disability status. White men have been found to be least likely to have a disability, while black and Hispanic women were most likely [45] . Other studies have found that nonHispanic blacks and Mexican-Americans were significantly more likely to report a disability than were non-Hispanic white men and women [35] , while African American women were significantly more likely to have a disability compared to white women [31] .
Indicators of SES, including income and education, have also been identified as important predictors of population health [6, 48] . Blue-collar occupations, low education levels, and low income have all been associated with a higher prevalence of smoking [7, 17] . Low SES has also been associated with an increase in obesity [9] . Analyses of national data have shown that there is an inverse relationship between socioeconomic status (SES) and mortality and that the magnitude of this association may have increased in recent years [1, 37] . An increased use of preventive services, including vaccinations, has been noted among those with higher household incomes [18] . Further, SES is also associated with disability. Educational attainment has been found to be inversely associated with the onset of functional limitations and chronic conditions [27] . In a global study using data from the World Health Survey, conducted by the World Health Organization, 43 out of 49 countries examined had significant differences in disability prevalence across SES quintiles [28] . In addition, it has been suggested that racial disparities in income and education may account for much of the difference in disability prevalence [44] , highlighted by one study that found when controlling for SES in models assessing the association between race and disability, prior significant findings for race and ethnicity were no longer seen [36] .
While there is clear evidence that disparities in smoking and obesity are experienced by people with disabilities, as well as by those in certain racial and ethnic groups and SES strata [3, 5, 7, 9, 14, 16, 29, 46] , it is unknown whether similar patterns of disparities exist by race/ethnicity and SES among persons with disabilities. Understanding how health disparities are experienced by people with disabilities is a necessary step in working to improve health equity [4] . This knowledge could serve to inform health promotion efforts for the 36 to 57 million Americans with disabilities [8, 11] . Therefore, our study objectives are (1) to estimate the prevalence of disability across racial and ethnic groups by SES and other demographic characteristics; (2) to estimate the prevalence of two behavioral health risk factors, smoking and obesity, among adults with disabilities by SES for each racial/ethnic group; and (3) to assess the associations between SES and smoking and obesity by race/ethnicity, among adults with disabilities.
Methods

Data Source
We used data from the 2007-2010 Behavioral Risk Factor Surveillance System (BRFSS), a state-based random digit dialed telephone-based survey administered by all 50 states, the District of Columbia, and three territories with cooperation from the Centers for Disease Control and Prevention (CDC) [10] . The survey collects data on demographics, health risks and behaviors, and health status among adults 18 years or older. The total numbers of respondents participating each year were as follows: 451,075 (2010), 432,607 (2009), 414, 509 (2008) , and 430,912 (2007), for a total of 1,729,103 respondents completing the survey over the 4-year period. Overall, 473,351 respondents (27.6 %, unweighted) reported a disability. We aggregated the 4 years of data in order to have a sufficient sample size for some of the smaller race and ethnicity groups among adults with a disability, dividing the weight by four to adjust for the multiple years of data.
Disability Definition
Disability is defined by a "yes" answer to either of the following two questions: "Are you limited in any way in any activities because of physical, mental, or emotional problems?" and "Do you now have any health problem that requires you to use special equipment, such as a cane, a wheelchair, a special bed, or a special telephone?" Respondents who answered "no" to both questions were considered not to have a disability (n = 1, 221,019). All other respondents (n = 19,509) were excluded from analytic consideration. Although additional variables identifying adults with disabilities have been added to the BRFSS beginning with the 2013 survey, these two questions were the primary source of disability identification during the analytic years.
Sociodemographic Variables
Race/ethnicity was defined as white/non-Hispanic (hereafter referred to as white), black/non-Hispanic (hereafter referred to as black), Hispanic, Asian, Native Hawaiian or Pacific Islander (NHPI), and American Indian or Alaska Native (AIAN). Hispanic respondents could be of any race. We included specific race/ethnicity categories in which the respondent reported a single race or ethnicity. Therefore, respondents whose race or ethnicity was identified as "other" or "multiple" were not reported (2.9 % of adults with disabilities). Socioeconomic status is often defined as a person's education, income, and occupation [15] . Since we only had information on a person's employment status and not occupation, we did not report employment status, but did control for it in the models. We used self-reported family income and education level as measures of a respondent's SES. Income was defined as annual household income totaling <$20,000, $20,000-$34, 999, $35,000-$49,999, $50,000-$74,999, and ≥$75,000. Education level was defined as less than high school, high school graduate or a general education development (GED), some college, and college graduate. Employment was defined as employed, unemployed, retired, a student or a homemaker, or being unable to work. Age was categorized into three groups (18-44 years of age, 45-64 years of age, and 65 years of age or greater).
Health Risks and Behaviors
We used two behavioral health risk factors (smoking and obesity) known to have a higher prevalence among adults with a disability [3, 25] . Current smoking was defined as having smoked at least 100 cigarettes in one's lifetime and currently smoking every day or some days. Obesity was defined as a body mass index (weight (kg)/height (m 2 )) of 30 or greater, calculated from self-reported height and weight.
Statistical Analysis
We used SAS-callable SUDAAN 11.0 (Research Triangle Institute, Research Triangle Park, NC) in order to account for the complex survey design of the BRFSS. We obtained prevalence estimates of disability by race and ethnicity, and then further stratified by gender, age, income, education, and employment. Prevalence estimates of smoking and obesity among adults with a disability were stratified by race and ethnicity and then stratified further by income and education. Estimates were weighted and age adjusted to the 2000 US standard population (18) . Logistic regression models were stratified by race/ethnicity to calculate adjusted odds ratios for the association between income and education and each health risk factor. All models controlled for age, gender, income, employment, and education.
Results Disability
Overall, 21.0 % of US adults reported a disability. Among adults with disabilities, over half were female (52.8 %), and most were white (73.0 %). Over 40 % were between 45 and 64 years of age. In addition, 27.7 % were current smokers and 37.1 % were obese ( Table 1) .
The prevalence of disability varied by race/ethnicity, ranging from 10.1 % (Asian) to 31.0 % (AIAN), and patterns by demographic characteristics within each racial/ ethnic group were generally consistent. A higher percentage of women than men reported a disability (21.7 vs. 20.2 %) and in each racial/ethnic group, except Asian. A pattern of increasing disability by age was evident across all racial/ethnic groups (overall 13.0 % among 18-44 year olds, 26.2 % among 45-64 year olds, and 36.7 % among those 65 years or older). Those with less than a high school education had a higher prevalence of disability (27.1 %) compared to other levels of education, but this varied by racial/ethnic group. For all racial/ethnic groups, disability was highest in the lowest income group ($20,000; 35.1 % overall). In addition, 81.7 % of adults who were unable to work reported a disability (Table 2) .
Smoking
The prevalence of smoking among adults with a disability was 27.7 %, ranging from 12.8 % (Asian) to 41.2 % (AIAN) adults. Overall, adults with disabilities in the lowest income category (<$20,000) had the highest prevalence of smoking (38.8 %); with the highest prevalence among white and AIAN adults (45.0 and 47.3 %, respectively). AIAN adults had the highest prevalence of smoking (23.7 %) whereas Asian adults had the lowest (5.4 %) in the highest income group (≥$75,000). Over half of white and AIAN adults with less than a HS education reported smoking (52.4 and 59.3 %, respectively). Among those with a college degree, Asian adults had the lowest smoking prevalence (7.3 %), and AIAN adults the highest (20.5 %). Both white and black adults in the lowest income group had among the highest adjusted odds ratio of smoking (2.89, 95 % CI 2.70, 3.10, and 3.18, 95 % CI 2.43, 4.15, respectively). Higher odds were seen among white and AIAN adults lacking a high school education (aOR 4.02 and 3.80, respectively) ( Table 3) .
Obesity
The prevalence of obesity among adults with a disability was 37.1 %, ranging from 20.3 % (Asian) to 47.3 % (black). Black adults with a disability had the highest prevalence of obesity across all income groups except the highest level (≥$75,000), in which AIAN adults had the highest prevalence (50.3 %). Across most income levels, Asian adults with a disability had the lowest prevalence of obesity. Across all education levels, black adults with disabilities had the highest prevalence of obesity and Asian adults the lowest. Significant associations between income and obesity were seen primarily for white adults, as all lower income groups had significantly greater odds for obesity than those in the highest income group, with odds ratios ranging from 1.14 to 1.23. For white, black, and Hispanic adults with a disability, similarly greater odds were seen for the three lower education levels when compared to those with the highest education level (college degrees; Table 4 ).
Discussion
The prevalence of disability by race/ethnicity varies dramatically, with approximately 1 in 10 Asian adults reporting a disability compared with nearly 1 in 3 AIAN adults. While our findings are consistent with previous research reporting differences between black and white adults [33] , we also found a lower prevalence among black adults when compared with AIAN adults. Reasons behind the differences in disability prevalence could be due to a number of factors, including the variation in perception of disability by culture [39] , or hesitation to self-report disability due to stigma [22, 26, 39] . Differing socioeconomic characteristics of adults in certain racial and ethnic groups may also affect disability prevalence [36] , and poverty has been found to have more of an effect on disability among white women than among black women [43] . Although we found similar inverse patterns of disability by income and education, socioeconomic status may also act as a modifier to differences in disability prevalence among racial and ethnic groups [32] .
While our findings of racial and ethnic disparities among adults with disabilities related to obesity and smoking are similar to those in the general population, we did observe some differences, particularly when taking SES into account. Prior research has found the prevalence of smoking to be similar between black and white adults when disability is unaccounted for [13] . Although smoking prevalence was similar among white, black, and NHPI adults in our study, white adults with a disability had a higher prevalence of smoking than did black adults in the lowest three income groups. Estimate has a relative standard error (RSE) of ≥30 % and should be interpreted with caution Table 4 Prevalence and adjusted odds ratios for obesity among adults 18 years of age or older with a disability, stratified by race and ethnicity In general, income and education were both inversely associated with smoking among white, black, and Hispanic adults with a disability, consistent with the general population [17] . However, among AIAN adults, only an association between smoking and education was observed, as nearly 3 out of 5 AIAN adults with a disability with less than a high school education are current smokers. A higher prevalence of smoking among people with a disability [13] , coupled with the increased prevalence among those with lowered income or education, suggests that disparities could be magnified for adults with disabilities. Understanding these disparities is particularly important, as poor health literacy, a risk factor for being unsuccessful at smoking cessation, is associated with lower education and income levels [41] . Smokers with lowered health literacy are more likely to report the positive effects of smoking, such as increased socialization, and less likely to report health risks [41] . This study suggests that conventional methods of education related to tobacco risks may be ineffective and recommend using other methods, such as pictures and plain language [41] . This health literacy barrier could also be compounded for people with cognitive related disabilities, where effectiveness of interventions that may not be accessible could be limited.
Further, understanding cultural views of tobacco use are important in addressing smoking cessation. For example, tobacco use may be linked to traditional ceremony and beliefs among some AIAN populations [23] . Our study found that lower education levels were strongly associated with smoking among AIAN adults with a disability. These findings, coupled with the previous research on health literacy, as well as cultural tobacco views, suggest that understanding social norms, views of smoking, and smoking-related disparities are key in developing appropriate interventions to address cessation.
Although income has been found to be associated with obesity in the general population [34] , we saw an income association only among white adults with a disability. However, all lower education levels had similar associations with obesity compared with college graduates among white, black, and Hispanic adults with a disability. While the associations between education and obesity were similar for white, black, and Hispanic adults with a disability, differences in educational experiences by race and ethnicity have been suggested as factors in variation in obesity in the general population [20] . Though an inverse relationship between obesity and education has been documented in higher income countries, many studies do not account for other factors, including race and ethnicity, which may affect the findings [19] . We found when controlling for race and ethnicity that both income and education were inversely, but modestly, associated with obesity.
The SES disparities experienced by people with disabilities may mean that areas of obesity intervention (e.g., physical activity) may impose additional burdens for some people with disabilities. For example, someone with a low income may experience barriers to accessing physical activity venues which may include lack of access to public parks and trails, as well as availability of paid physical activities (e.g., gyms and fitness centers) [42] . Additionally, a person with a disability may encounter additional unique physical and emotional barriers to participation in physical activity, such as not being able to transfer to gym equipment if they use a wheelchair, having difficulty getting through doorways in gyms, not having information on accessible programs, or not being supported by family and friends to be more active [38] . Our findings show a higher prevalence of obesity among people with disabilities in lower income and education groups. Making safe and accessible options for interventions such as physical activity are crucial.
Limitations
There are limitations to our study, many of which are an extension of using survey data. The data are based on self-report, so they are subject to response and recall bias. The BRFSS is administered individually in each state and territory, so the results may not be nationally representative. Further, the BRFSS did not include cell phones in their sampling frame during 2007-2010. BRFSS disability variables do not measure severity, type, or permanence of disability or underlying medical condition that may associated with the disability. In addition, our disability estimates could be understated as BRFSS excludes those living in institutions or group homes. Even aggregating 4 years of data, there were many estimates with low sample size, particularly for NHPI respondents. Additionally, although Asians may exhibit health risks at lower BMI cutoffs relative to other race and ethnicity groups [30] , this can vary by Asian subpopulations [30] . Since we did not have that level of detail, we did not alter our BMI cutoffs. Finally, although we assessed household income, we did not control for household size which might differ by race and ethnicity. Further, we only had information on range of household income and not specific income amounts.
Conclusion
To varying degrees, race/ethnicity and income and education are associated with increased health risks and behaviors among people with disabilities. While prior research shows that health disparities exist among people with disabilities, this study presents evidence that disparities also exist among sociodemographic strata of adults with disabilities. We found additional disparities when we examined the association of race/ethnicity and SES with health indicators specific to people with disabilities. Understanding how race/ethnicity, income, and education vary in their associations with behavioral health risk factors among people with disabilities can prove helpful in allowing public health programs to focus their resources on segments of the disability population where needs may be greatest.
